(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
04.08.1999 Bulletin 1999/31 

(21) Application number: 95103116.0 

(22) Date of filing: 04.03.1995 



(n) EP 0 676 746 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCI A G11B 5/39 



(54) Spin-valve dual magnetoresistive reproduce head 

Magnetoresistiver Wiedergabekopf mit doppeltem Spin-Ventilelement 
Tete de reproduction magnetoresistive a spin-valve duale 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 09.03.1994 US 208755 

(43) Date of publication of application: 
11.10.1995 Bulletin 1995/41 

(73) Proprietor: EASTMAN KODAK COMPANY 
Rochester, New York 14650 (US) 



CD 
CO 

s 

CD 

o 

Q_ 
LU 



(72) Inventor: Smith, Neil, 

c/o Eastman Kodak Company 
Rochester, New York 14650-2201 (US) 

(74) Representative: Schmidt, Peter, Dipl.-lng. et al 
KODAK Aktiengesellschaft 
Patentabteiiung 
70323 Stuttgart (DE) 



(56) References cited: 
EP-A-0 490 608 
WO-A-91/15012 
US-A- 5 287 238 



EP-A- 0 539 213 
US-A- 5 159 513 
US-A- 5 301 079 



Note: Within nine months from the publication of the mention of the grant of the European patent any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Prrnt^J by Jouve. 75C01 PARIS (FR) 

*R$7 AVAILABLE COPY 



1 



EP 0 676 746 B1 



2 



Description 

[0001] This invention relates to a magnetic reproduce 
head, and in particular to a magnetoresistive reproduce 
head. 

[0002] As magnetic recording technology continues 
to push areal recording density limits, magnetoresistive 
(MR) reproduce heads appear to be the technology of 
choice. Recent US-A-5,084,794 and US-A-5, 193,038 
disclose dual magnetoresistive (DMR) reproduce heads 
which offer improved high linear density performance 
compared to conventional shielded magnetoresistive 
(SMR) heads, as well more robust operation and simpler 
fabrication. Until very recently, virtually all past magne- 
toresistive sensor/heads, including the DMR design, 
have been based on the physical phenomenon of ani- 
sotropic magnetoresistance (AMR) in Permalloy (NiFe) 
thin films. US-A-5 1 59 51 3 discloses a magnetoresistive 
sensor employing the relatively recently discovered 
"spin-valve" (SV) effect, which is fundamentally distinct 
from the AMR effect. Sensors or heads based on spin- 
valve technology can potentially yield significantly great- 
er intrinsic sensitivity and signal levels than any design 
of conventional the AMR-based sensor or head. 
[0003] Ideally the basic SV sensing element is a tri- 
layer film of two thin-film magnetic layers sandwiching 
a very thin non- magnetic conductor. Referring to Figs. 
1a, 1b the basic SV sensor of the prior art consists of 
the two magnetic layers 10, 12 of thicknesses t, and t 2 
respectively, separated by a nonmagnetic conductive 
spacer 14 of thickness t g> all deposited on a substrate 
1 1 . It is to be noted that this SVMR sandwich of magnetic 
layers 10, 12 and spacer 14 corresponds to the single 
magnetoresistive film of the prior art AMR sensor. In 
general, the individual magnetic layers 10, 12 may be 
either single or multiple layers generally of Co, Fe, and/ 
or Ni; the conductive spacer is generally Au, Ag or Cu. 
Due to the "spin-valve" effect, the resistivity p of the SV 
trilayer has a component which depends upon the co- 
sine of the angle between magnetization vectors and 
M 2 in the films 10, 12, as will be described below. De- 
pending upon film composition, SV trilayers have been 
observed to have a magnetoresistive coefficient Ap/p 0 
as large as 8%. This is nearly four times larger than typ- 
ically found for traditional AMR in NiFe, which accounts 
for the current substantial interest in SV technology for 
magnetic recording heads. 

[0004] The sensor geometry of Figs. 1a, 1b is de- 
signed for detecting magnetic fields H s along the direc- 
tion transverse to the SV stripe. Such fields will rotate 
the magnetization directions, that is, M 1( M 2 in either 
magnetic film 10, 12, thereby inducing a change in the 
magnetoresistive component of p. This in turn changes 
the net electrical resistance of the SV stripe, creating a 
voltage change across the terminals of the SV sensor 
when a constant sense current is passing through the 
device. In general, the magnetoresistive component of 
p varies as Ap cos (0 t -0%) where 9, is the angle between 



the magnetization M, and the longitudinal direction of 
the film 10, and e 2 is the angle between the magnetiza- 
tion M 2 and the longitudinal direction of the film 12. 
Therefore, it is necessary that the films 10 and 12 re- 
5 spond differently to signal fields such that the difference 
St -62 will vary with the field. 

[0005] For the SV head as disclosed in US-A- 
5,159,513, the magnetization M 2 is "pinned" at 
I8 2 l=90°, and resultant ly the magnetoresistive compo- 
10 nent of p varies as Ap sin 6-, . Due to magnetization ro- 
tation, sinQ, is proportional to the net transverse signal 
field H. If Q A =0 at the zero-field quiescent bias point of 
the SV sensor, the "sensor output" « "change in sine/ 
"change in sine/ ~ "signal field H", , and the SV re- 
15 sponds linearly to the signal fields over the maximum 
possible dynamic range -90°<e 1 <90° prior to the satu- 
ration of the film 10. This illustrates why the perpendic- 
ular bias state e^ 0 and e 2 =90° is the most desirable 
for practical application of the SVtype magnetoresistive 
head. 

[0006] In a practical SV sensor some means is re- 
quired for pinning the direction of magnetization M 2 of 
the magnetic layer 12 so that it is substantially perpen- 
dicular to the quiescent magnetization M 1 of the mag- 
netic layer 10, which is otherwise free to rotate in re- 
sponse to a magnetic signal field. The preferred means 
for stabilizing this perpendicular magnetization state as 
taught in US-A-5, 159,51 3 entails two distinct features. 
Firstly, it requires that there be a thickness and/or com- 
position mismatch between the two magnetic SV layers, 
and secondly, it involves an additional magnetic biasing 
layer, that is, the exchanged coupled biasing layer 1 6 of 
Figs. 1a, 1b. 

[0007] Fig. 1 b shows the cross section of the SV sen- 
sor of Fig. 1a, including deposited current leads 18,20. 
[0008] In Fig. 2, a simplified schematic representation 
of the perpendicularly biased SV of US-A-5, 159,51 3 il- 
lustrates some critical structural and related magnetic 
features inherent in the design. As taught in the refer- 
enced patent, films 10, 12 are Co based alloys and/or 
NiFe, pinning layer 16 is antiferromagnetic FeMn, and 
spacer 14 is Cu. The thicknesses of the films 10, 12, 16 
and the spacer 12 are as follows: film 10; t 1 =7.5nm, film 
12; t 2 =3.5nm, film 16; t 3 =10nm, and spacer 12; t g =3nm 
All elements are of height L in the transverse direction. 
Also diagrammed are the transverse magnetic fields 
present under bias conditions (excluding signal fields), 
including demagnetization fields H d and current fields 
Hj arising from the current density J flowing in the device. 
There are several possible drawbacks to this design: 
viz, 

a) The design requires a thickness or composition 
mismatch between the films 10 and 12, and this 
should be detrimental to the maximum achievable 
magnitude of (Ap/p). This is because the basic spin- 
valve effect requires sharing of conduction elec- 
trons between the two magnetic layers (through the 
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Cu spacer), and this is done most equally and effi- 
ciently when the magnetic layers are nominally the 
same, that is, when the thicknesses of the films 
10,12 are equal. In practice, there are several rea- 
sons why such a thickness mismatch may be una- 5 
voidable. Generally, e 1 ~ (Hj+H d )/t v so that for 
to be near 0°, it is necessary that tj be sufficiently 
large, and that at film 10 the demagnetization and 
the current fields approximately cancel. The direc- 
tion of current flow J in Fig. 2 was deliberately cho- io 
sen such that Hj is antiparallel to H d at the site of 
film 10. However, H d « tg/L, while Hj <* J(t 2 +t g ), and 
for the small element heights, L^lum required in fu- 
ture high density MR reproduce heads, it is unlikely 
that Hj will be large enough to cancel H d at practical is 
maximum allowable current density without t-, being 
significantly larger than t 2 . Additionally, the ex- 
change pinning strength on film 12 due to film 16 
scales as 1/t 2 , and achieving sufficient pinning 
strength to maintain 6 2 =90° can require reducing t 2 20 
below minimum thickness requirements on t 1 nec- 
essary to avoid saturation of film 10 by signal fields. 

b) As taught in US-A-5, 159,51 3, the last deposited 
pinning layer 16 is an electrical conductor (as is 
FeMn) so that sense current from the current leads 25 
18,20 deposited atop film 1 6 could travel down into 

the SV trilayer. The presence of a conductive pin- 
ning layer shunts sense current away from the SV 
layers, thereby resulting in a loss of output signal 
from the device. 30 

c) The most common exchange pinning material 
used to date, FeMn, is well known to be corrosive, 
and thus long term durability of the disclosed prior 
art SV head would be a potentially serious problem. 
The problem is made worse by the fact that in the 35 
present case, the FeMn is in the active area of the 

SV device, where high current densities and asso- 
ciated Joule heating may accelerate the corrosion. 
Such heating in the active area is also bad in that 
the pinning strength of an FeMn exchange-coupling 40 
layer can decay significantly with increasing tem- 
perature. This temperature problem is exacerbated 
by the possibility of a slow long term re-annealing 
of the FeMn in the presence of the magnetic field of 
H d +Hj at the site of the interface between films 10 45 
and 12 where H d and Hj are in the same direction, 
and oppose the pinned magnetization direction of 
film 12. Such re-annealing would progressively de- 
stroy the transverse pinning of film 1 2 and render 
the SV device nonfunctional. so 

d) The intrinsic linear resolution of a SV reproduce 
head is not sufficient for a high density recording 
system, and analogously to the conventional AMR 
head technology, the presence of additional mag- 
netic shielding as part of the total head design will 55 
be required. The shields add cost and complexity in 
fabricating the head, particularly as the shield/sen- 
sor gap spacing must be reduced to accommodate 



future requirements on increasing storage densi- 
ties. 

[0009] US-A-5 287 238 discloses a magnetoresistive 
read head having a dual spin-valve structure formed of 
ferromagnetic layers separated by two layers of non- 
magnetic conductive material. However, like in US-A-5 
1 59 51 3 the magnetisation of each outer ferromagnetic 
layer is pinned by either an antiferromagnetic layer or a 
hand magnetic layer. 

[0010] The present invention is aimed at overcoming 
all four of the limitations of the prior art SV head design 
described above. A magnetoresistive reproduce head 
according to the invention is defined in claim 1. This 
head referred herein as an SV-DMR (spin-valve dual 
magnetoresistance) device, effectively consists of two 
SV sensor elements configured such that the two indi- 
vidual SV elements are physically separated by a rela- 
tively high resistivity conductive gap spacer. As in a con- 
ventional DMR head there is sense current flow through 
the SV-DMR, and signal generated magnetoresistance 
changes are detected as head output voltage variations. 
The SV-DMR eliminates the need for an exchange cou- 
pled pinning layer or the mismatch of SV layers to im- 
plement the perpendicular biasing arrangement of the 
prior art. The required perpendicular biasing is attained 
solely by the interaction between substantially equal 
thickness magnetic layers of the SV-DMR and the inter- 
nal magnetic fields arising from the flow of the sense 
current in the device. The inherent high resolution of the 
prior art DMR disclosed in US-A-5,084,794 and US-A- 
5,193,038 is retained in the SV-DMR, and is effectively 
combined with the high output signal capability provided 
by the use of SV magnetoresistance elements. 
[0011] The invention will be described with respect to 
the figures, of which: 

Figs. 1a and 1 b are drawings of a spin valve mag- 
netoresistive head known in the prior art, 
Fig. 2 is a schematic drawing of the elements of the 
head of Figs. 1a and 1b illustrating the directions of 
relevant magnetic fields, 

Figs. 3a and 3b are drawings of a dual magnetore- 
sistive head utilizing spin valve magnetoresistive el- 
ements according to the present invention, 
Fig. 4 is a schematic drawing of the dual magne- 
toresistive head of Figs. 3a and 3b illustrating the 
directions of relevant magnetic fields, and 

[0012] Fig. 5 is graph illustrating the angular bias di- 
rections of elements of the dual magnetoresistive head 
of the invention. 

[0013] In the exploded view of the SV-DMR of the in- 
vention of Fig. 3, a trilayer comprising the magnetic layer 
24, spacer 28, and magnetic layer 26 is deposited on a 
substrate 22. A conductive gap spacer 30 is then de- 
posited, followed by a second trilayer comprising the 
magnetic layer 32, spacer 36 and magnetic layer 34. 
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The layers 24,26,32, 34 are each either single or multi- 
ple layer alloys of Co, Fe, and/or Ni, as previously spec- 
ified for the conventional SVMR, and the spacers 28, 36 
are correspondingly either Cu, Ag, or Au. In accordance 
with the present invention, the thickness and the com- 
position of magnetic layers 24,26 and 32,34 may be sub- 
stantially the same. The central gap spacer 30 is made 
of a relatively high resistivity material to limit current 
shunting from the SV elements, yet provide an electrical 
path from the current leads 38,40 deposited atop layer 
34 (or alternately, atop an additional optional conductive 
passivation layer) to both SV trilayers. A suitable mate- 
rial for the central gap spacer 30 is TIN, which can pro- 
vide suitably high resistivity of 100-1000 ui2-cm. 
[0014] By consideration of Fig. 4, it may be under- 
stood how the SV-DMR simultaneously achieves a 
close approximation to the ideal perpendicular bias con- 
figuration for both SV trilayers without the use of addi- 
tional pinning layers, and without requiring any thick- 
ness mismatch between the magnetic layers of either 
SV trilayer. It will be first noted that the structure of Fig. 
4 is physically symmetrical about a center line through 
the spacer 30, and resultantly is "antisymmetrical 0 with 
respect to the magnetic fields generated by the current 
J tota , flowing through the device. In view of this, an ex- 
planation of the magnitudes of the fields at the trilayers 
left of the spacer 30, that is at layers 24,26, is the same 
as that for the fields at the layers 32,34. (As noted, the 
antisymmetry affects only the current generated fields' 
directions, not their magnitudes.) In Fig. 4, the fields act- 
ing on each magnetic layer of a trilayer is represented 
by the field vectors shown directly adjacent to the layer, 
with the following notational conventions. is the de- 
magnetization field arising from magnetic layer °x n , and 
when shown adjacent to any particular magnetic layer, 
it acts on that layer. is the current field acting on mag- 
netic layer a y\ and arises from the current distribution 
flowing in all the other magnetic layers. 
[0015] Considering the resultant fields at the magnet- 
ic layers to the left of the center line of the spacer 30, 
the current field H j24 on the outer layer 24 resulting from 
the current flowing in the other conducting layers super- 
impose to maximize the magnitude of Hj 24 .ln the case 
of the inner layer 26, the current fields from current flow- 
ing in the majority of layers to the right of layer 26 are 
partially canceled by that current flowing in those fewer 
layers to the left of layer 26, so that H^ A is nearly three 
times larger in magnitude than H^- Further, since lay- 
ers 24 and 34 are magnetized in opposite directions, the 
transverse demagnetizing field H d24 due to layer 24, at 
the site of layers 24 or 26, is substantially canceled out 
by the demagnetization field H d34 . With the right choices 
of parameters, the targe asymmetry in current field 
strength between inner and outer magnetic layers, com- 
bined with the substantial reduction in net demagnetiz- 
ing field, can enable establishment of a quasi-perpen- 
dicular bias configuration with the outer layer 24 being 
effectively pinned transversely because IH^^IH^- 



H^land the inner layer 26 remaining biased at 8 4 near 
0° because is approximately canceled out by the 
net demagnetization field IH^-H^I. It will be appreci- 
ated that this same explanation is applicable to the mag- 
s netic field conditions in the SV-DMR to the right of the 
center line. 

[001 6] For the SV-DMR, the magnetoresistive part of 
p is <* Ap/p(cos(8 3 -8 4 )+(cos(8 6 -6 5 )/2, which in the case 
8 3 =:90 and 8 5 =- 90, means that p is ~ Ap/p(sin8 4 -sin8 5 )/ 
2. Thus, analogous to the conventional AMR-DMR the 
SV-DMR output signal measures the difference (sin8 4 - 
sin8 5 ) in angular rotation between magnetic layers 26 
and 32. To the extent that layers 24,34 remain effectively 
pinned, or saturated at ±90°, the magnetics of the SV- 
DMR is analogous to that of the AMR-DMR, and the SV- 
DMR reproduce head will retain the AMR-DMR qualities 
of performance at high recording densities with large in- 
trinsic linear resolution limited by the size of the gap 
spacer 30. It will also be noted that the SV-DMR oper- 
ates in the same manner whether the bias point mag- 
netizations M 4 , M 5 of layers 26,32 are parallel as shown 
in Fig. 4, or antiparallel, since sin8=sin(180°-8). 
[0017] Fig. 5 shows the results of a two-dimensional 
micromagnetic calculation of the detailed bias distribu- 
tion 8(y) for a SV-DMR with all magnetic layers chosen 
to be identical. Parameters include L=1.5jim, magnetic 
layers 24,26,32,34 of equal thickness equal to 8nm, 
spacers 28,36 of thickness 3nm, current density 
J=1 .6x1 0 7 amp/cm 2 in either SV element, saturation flux 
density B s =1 .2 KG (= 0.1 2 T) and anisotropy field 
Oe (= 636.6 A/m). The resistivity of the central conduct- 
ing gap spacer 30 with thickness 60nm is assumed to 
be chosen so that it shunts 10% of the total sense cur- 
rent. Exchange coupling between magnetic layers 
across the thin conductors 28,36 is assumed to be zero. 
As seen in graph 40, the I8 4 or 8 5 l<20° with mean values 
near 0. Similarly, as seen in graph 42, the outer mag- 
netic layers 24,34 are pinned (that is, well saturated) 
with I8 3 or 8 6 l=90° over the central half of the element 
height, L. The non uniformities over the element height 
are unavoidable consequences of the non-uniformity in 
the demagnetizing fields near the element edges, but 
do not interfere with the essential operation of the SV- 
DMR as described. 

[001 8] The invention has been described in detail with 
particular reference to preferred embodiments thereof, 
but it will be understood that variations and modifica- 
tions can be effected within the scope of the invention 
as defined by the appended claims. 



Claims 

1 . A magnetoresistive reproduce head comprising: 

55 

a) a substrate (22) 

b) a multilayered structure deposited on the 
substrate (22), the structure further comprising 
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a first trilayer having first and second ferromag- 
netic layers (24), (26), the first ferromagnetic 
layer (24) separated from the second ferromag- 
netic layer (26) by a first conductive non-mag- 
netic layer (28) having a first thickness, a sec- 
ond trilayer having third and fourth ferromag- 
netic layers (32),(34), the third ferromagnetic 
layer (32) separated from the fourth ferromag- 
netic layer (34) by a second conductive non- 
magnetic layer (36) having a second thickness, 
the first and the second trilayers sandwiching a 
central conductive non-magnetic spacer (30) of 
a third thickness, 

c) means (38),(40) for producing a current flow 
through the magnetoresistive reproduce head, 
wherein the magnetic fields generated by the 
current flow magnetizes the first ferromagnetic 
layer (24), the second ferromagnetic layer (26), 
the third ferromagnetic layer (32) and the fourth 
ferromagnetic layer (34) such that the first and 
the fourth magnetic layers (24), (34) are fixedly 
magnetized substantially antiparallel to each 
other, the first and the second ferromagnetic 
layers (24), (26) are magnetized substantially 
perpendicular to each other, the third and the 
fourth ferromagnetic layers (32), (34) are mag- 
netized substantially perpendicular to each oth- 
er, all of said magnetisations being in planes 
substantially parallel to the planes of said lay- 
ers, and 

d) means for sensing the variations of resistivity 
of the magnetoresistive head in response to an 
applied magnetic field. 

The magnetoresistive head of Claim 1 wherein the 
first and the fourth ferromagnetic layers (24), (34) 
are substantially identical in magnetic and electrical 
properties, and the second and the third ferromag- 
netic layers (26), (32) are substantially identical in 
magnetic and electrical properties. 

The magnetoresistive head of Claim 1 wherein the 
ferromagnetic layers (24), (26), (32), (34) are layers 
fabricated from the group consisting of Co, Fe, Ni. 

The magnetoresistive head of Claim 3 wherein the 
first and the second conductive layers (28), (36) are 
fabricated from the group Au, Ag, Cu. 

The magnetoresistive head of Claim 1 wherein the 
first (24), the second (26), the third (34), the fourth 
(34) ferromagnetic layers are of equal thickness. 

The magnetoresistive head of Claim 1 wherein the 
first and the second conductive layers (28), (36) are 
of thicknesses less than the thickness of the ferro- 
magnetic layers (24),(26),(32),(34). 
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7. The magnetoresistive head of Claim 1 wherein the 
conductive spacer (30) has a high resistivity relative 
to that of the first and second trilayers. 

8. The magnetoresistive head according to any pre- 
ceding claim, wherein said magnetoresistive head 
being arranged in a magnetoresistive head assem- 
bly for detecting magnetically recorded signals hav- 
ing a characteristic recorded minimum bit length, 
wherein the thickness of the central conductive non- 
magnetic spacer (30) is substantially equal to said 
characteristic minimum bit length, and said means 
for sensing the variations of resistivity of the mag- 
netoresistive head are responsive to the magneti- 
cally recorded signals. 



Patentanspruche 

20 1. Magnetoresistiver Wiedergabekopf mit 

a) einem Substrat (22), 

b) einerauf dem Substrat (22) liegenden, mehr- 
schichtigen Struktur, die einen ersten Drai- 
ns schichtverbund mit einer ersten und zweiten 

ferromagnetischen Schicht (24, 26), welche 
durch eine erste leiffahige, nichtmagnetische 
Schicht (28) mit einer ersten Dicke voneinander 
getrennt sind, und einen zweiten Dreischicht- 

30 verbund mit einer dritten und vierten ferroma- 

gnetischen Schicht (32, 34) aufweist, welche 
durch eine zweite leiffahige, nichtmagnetische 
Schicht (36) mit einer zweiten Dicke voneinan- 
der getrennt sind, wobei zwischen dem ersten 

35 und zweiten Dreischichtverbund eine zentrale 

leiffahige, nichtmagnetische Trennschicht (30) 
einer dritten Dicke eingeschlossen ist, 

c) Mitteln (38, 40) zum Erzeugen eines Strom- 
flusses durch den magnetoressistiven Wieder- 

40 gabekopf, wobei die durch den Stromflufl er- 

zeugten Magneff elder die erste ferromagneti- 
sche Schicht (24), die zweite ferromagnetische 
Schicht (26), die dritte ferromagnetische 
Schicht (32) und die vierte ferromagnetische 

45 Schicht (34) magnetisieren, so daf3 die erste 

und vierte Magnetschicht (24, 34) im wesentli- 
chen antiparallel zueinander, die erste und 
zweite ferromagnetische Schicht (24, 26) im 
wesentlichen senkrecht zueinander, und die 

50 dritte und vierte ferromagnetische Schicht (32, 

34) im wesentlichen senkrecht zueinander ma- 
gnetisiert werden, wobei alle Magnetisierungen 
in Ebenen stattfinden, die im wesentlichen par- 
allel zu den Ebenen der Schichten liegen, und 

55 d) einem Mittel zum Abtasten der Resistivitats- 

veranderungen des magnetoresistiven Wie- 
dergabekopfes in Abhangigkeit vom angeleg- 
ten Magneffeld. 
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2. Magnetoresistiver Wiedergabekopf nach Anspruch 
1, dadurch gekennzeichnet, daG die erste und vier- 
te ferromagnetische Schicht (24, 34) bezuglich ma- 
gnetischer und elektrischer Eigenschaften im we- 
sentlichen identisch sind und die zweite und dritte 
ferromagnetische Schicht (26, 32) bezuglich ma- 
gnetischer und elektrischer Eigenschaften im we- 
sentlichen identisch sind. 

3. Magnetoresitiver Wiedergabekopf nach Anspruch 
1, dadurch gekennzeichnet, daG die ferromagnetic 
schen Schichten (24, 26, 32, 34) aus der aus Co, 
Fe und Ni bestehenden Gruppe hergestellt sind. 

4. Magnetoresistiver Wiedergabekopf nach Anspruch 
3, dadurch gekennzeichnet, daG die erste und zwei- 
te leiffahige Schicht (28, 36) aus der Gruppe Au, 
Ag, Cu hergestellt sind. 

5. Magnetoresistiver Wiedergabekopf nach Anspruch 
1, dadurch gekennzeichnet, daG die erste (24), 
zweite (26), dritte (34) und vierte (34) ferromagne- 
tische Schicht von gleicher Dicke sind. 

6. Magnetoresistiver Wiedergabekopf nach Anspruch 
1 , dadurch gekennzeichnet, daG die erste und zwei- 
te leiffahige Schicht (28, 36) eine Dicke aufweist, 
die geringer als die Dicke der ferromagnetischen 
Schichten (24, 26, 32, 34) ist. 

7. Magnetoresistiver Wiedergabekopf nach Anspruch 
1, dadurch gekennzeichnet, daG die leiffahige 
Trennschicht (30) einen, gegenuber dem des er- 
sten und zweiten Dreischichtverbunds, hohen Wi- 
derstand aufweist. 

8. Magnetoresistiver Wiedergabekopf nach einem der 
vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daG der magnetoresistive Wiedergabe- 
kopf in einem magnetoresitiven Wiedergabekopf- 
trager zum Erfassen magnetisch aufgezeichneter 
Signale angeordnet ist, welche eine charakteristi- 
sche, aufgezeichnete Mindestbitlange aufweisen, 
daG die Dicke der zentralen leiffahigen, nichtma- 
gnetischen Trennschicht (30) im wesentlichen der 
charakteristischen Mindestbitlange entspricht, und 
daG die Mittel zum Abtasten der Resistivitatsveran- 
derungen des magnetoresistiven Wiedergabekop- 
fes auf die magnetisch aufgezeichneten Signale 
ansprechen. 



Revendications 

1. Tete de reproduction magnetoresistive 
comprenant : 

a) un substrat (22) 



b) une structure multicouches deposee sur le 
substrat (22), la structure comprenant en outre 
un premier systeme a trois couches ayant des 
premiere et seconde couches ferromagneti- 

5 ques (24, 26), la premiere couche ferromagne- 

tique (24) etant separee de la seconde couche 
ferromagnetique (26) par une premiere couche 
non magnetique conductrice (28) presentant 
une premiere epaisseur, un second systeme a 

io trots couches comportant des troisieme et qua- 

trieme couches ferromagnetiques (32), (34), la 
troisieme couche ferromagnetique (32) etant 
separee de la quatrieme couche ferromagneti- 
que (34) par une seconde couche non magne- 

*5 tique conductrice (36) presentant une seconde 

epaisseur, les premier et second systemes a 
trois couches prenant en sandwich une couche 
de separation non magnetique conductrice 
centrale (30) d'une troisieme epaisseur, 

20 c) un moyen (38), (40) pour produire une circu- 

lation de courant a travers la tete de reproduc- 
tion magnetoresistive, dans laquelle les 
champs magnetiques generes par la circulation 
du courant magnetisent la premiere couche fer- 

25 romagnStique (24), la seconde couche ferro- 

magnetique (26), la troisieme couche ferroma- 
gnetique (32) et la quatrieme couche ferroma- 
gnetique (34) d'une maniere telle que les pre- 
miere et quatrieme couches ferromagnetiques 

30 (24, 34) sont magnetisees de maniere fixe sen- 

siblement anti-paralleles Tune a I'autre, les pre- 
miere et seconde couches ferromagnetiques 
(24), (26) sont magnetisees sensiblement per- 
pendiculaire Tune a I'autre, les troisieme et qua- 

35 theme couches ferromagnetiques (32), (34) 

sont magnetisees sensiblement perpendiculai- 
res Tune a I'autre, toute lesdites magnetisations 
etant dans des plans sensiblement paralleles 
aux plans desdites couches, et 

40 d) un moyen pour detecter les variations de re- 

sistivite de la tdte magnetoresistive en r6ponse 
a un champ magnetique applique. 

2. Tdte magnetoresistive selon la revendication 1. 
45 dans laquelle les premiere et quatrieme couches 

ferromagnetiques (24), (34) sont sensiblement 
identiques en proprietes magnetiques et electri- 
ques et les seconde et troisieme couches ferroma- 
gnetiques (26), (32) sont sensiblement identiques 
50 en proprietes magnetiques et electriques. 

3. Tete magnetoresistive selon la revendication 1, 
dans laquelle les couches ferromagnetiques (24), 
(26), (32), (34) sont des couches fabriqu6es a partir 

55 du groupe qui est constitue de Co, Fe, Ni. 

4. Tete magnetoresistive selon la revendication 3, 
dans laquelle les premiere et seconde couches 



6 



11 EP 0 676 746 B1 12 

conductrices (28), (36) sont fabriquees a partir du 
groupe qui est constitue de Au, Ag, Cu. 

5. Tdte magnetoresistive selon (a revendication 1, 
dans laquelle la premiere (24), la seconde (26), la 5 
troisieme (32), la quatridme (34) couches fcrroma- 
gnetiques sont d'une epaisseur identique. 

6. Tete magnetoresistive selon la revendication 1, 
dans laquelle les premiere et seconde couches to 
conductrices (28), (36) sont d'une epaisseur infe- 
rieure a I'epaisseur des couches ferromagnStiques 
(24), (26), (32), (34). 

7. Tete magnetoresistive selon la revendication 1, is 
dans laquelle la couche de separation conductrice 
(30) a une resistivity 6lev6e par rapport a celle des 
premier et second systemes a trois couches. 

8. Tete magnetoresistive selon Tune quelconque des 20 
revendications pr6cedentes, dans laquelle ladite te- 
te magnetoresistive est disposee dans un ensem- 
ble de tetes magnetor6sistif pour detecter des si- 
gnaux magnetiquement enregistres ayant une lon- 
gueur de bit minimale enregistree caracteristique, 25 
dans laquelle I'epaisseur de la couche de separa- 
tion non magnetique conductrice centrale (30) est 
sensiblement egale a ladite longueur de bit minima- 
le caracteristique et lesdits moyens pour detecter 

les variations de resistivite de la tete magnetoresis- 30 
tive sont sensibles aux signaux magnetiquement 
enregistres. 
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